This article examines panel cointegration methods to study the long-run effect of public consumption on the real output of 10 Central African economies (ECCAS: CEMAC + 4) from 1990 to 2016. We integrate the investment in cointegration regression and take into account the transverse dependence in a panel data parameter. The results indicate on average that public consumption expenditure has a negative impact on long-term real GDP. Conversely, investment has a positive effect on income. Overall, the results show that a decrease in public consumption in the fiscal adjustment process has no effect on the growth of these economies.
Introduction
Since 2013, the ratio of public debt to GDP has increased in sub-Saharan African economies and now exceeds 50% of GDP in most countries. The indebtedness of low-income countries or those facing a high risk of debt distress has risen from 7 in 2013 to 12 in 2016. Contributing factors include a widening of fiscal deficits, slow growth, falling prices of commodities and exchange rate depreciations in some countries. To this end, these countries are seeing an increase in consumer spending with adverse effects on private investment, economic growth and the current account. Therefore, government authorities should focus on structural reforms to address the obstacles to economic growth in Central African economies. In fact, over the past five years, these economies have seen a decline in government revenues. According to the IMF (2019), this decline is due to lower oil revenues (which decreased by 12.2 percentage points of GDP over this period, from 18.2% of GDP in 2012 to 5.9% in 2017 in the countries of CEMAC). Public debt has increased in most economies, particularly in the Central African Economic and Monetary Community (CEMAC), by 20.7% of GDP at the end of 2012, compared to 53.6% of GDP at the end of 2017. Thus, in most of these countries, economic performance remains dependent on government spending, debt levels and rising debt service costs. However, the economic situation in Central Africa remains difficult. In order to take into account the development needs of these countries, policymakers face additional challenges in developing and implementing policies that can reduce debt while minimizing long-term costs to the economy (Note 1). While the literature focuses primarily on the short term, it seems appropriate to explain the long-run effect of fiscal adjustment on the real output of Central African economies.
Empirically, many studies have examined the relationship of the fiscal adjustment effect to the real income of advanced economies. Research has therefore examined this relationship in many ways that have both short-and long-term effects on growth and the impact on growth of the fiscal policy response to other macroeconomic variables (see Gupta et al., 2005; DeLong & Summers, 2012; Baum et al., 2012; Ilzetzki et al., 2013; Gorodnichenko, 2013a and 2013b; Blanchard & Leigh, 2013; Batini, 2014; Dell'Erba et al., 2014; Mineshima et al., 2014; Abiad et al., 2016; Arizala et al., 2017; and François & Keinsley, 2019) .
provide coefficient estimates, we use the Pedroni panel DOLS (Ordinary Least Squares Dynamics) estimator (2001b, a) . This estimator takes into account serial correlation, small sample and endogeneity problems.
The rest of the article is organized as follows: Section 2 outlines the methodology, the variables, the method and the empirical results. Section 3 concludes the study.
Econometric Strategy and Results
This article adopts a cointegration regression including income, public consumption, and investment to assess the long-run effect of public consumption on income. Our starting point is the following model
With the logarithm of real GDP; is the government consumption as percent of GDP; investment as percent of GDP; 1 and 2 the coefficients to be estimated, and the constant term and linear time trends; i and t respectively countries and time period. Real GDP is measured at 2010 constant prices; government consumption correspond to the general government final consumption expenditure as percent of GDP. Total investment is the gross fixed capital formation as percent of GDP. The data come from World Development Indicators 2018 database. The availability of data allowed the 1990-2016 period to be used for the empirical analysis. Table 1 presents the descriptive statistics of the variables. 
Background Testing
The long-term survey implies that the permanent change in public consumption as a percentage of GDP and investment as a percentage of GDP is linked to permanent changes in the logarithm of GDP. Then we continue with the unit root test for each series and test the cointegration relationship between real income (Yit), public consumption (Git) and investment (Kit).
Panel Unit Roots Tests
First of all, we establish the stationarity of the variables of interest. For that, we apply Im et al. (2003, hereafter IPS) panel unit root test based on the Augmented Dickey-Fuller (ADF) regression for the individual cross-section unit in the panel. Moreover, the occurrence of common shocks or spillovers effects among cross-section unit, may lead to the fact that the disturbance terms are not independent. For this purpose, the IPS test may lead to misleading inferences. Thus, we use the cross-scaled IPS test (CIPS) of Pesaran (2007) . CIPS eliminates cross sectional dependence by increasing ADF regression with section averages cross-section of shifted levels and first differences of individual series (see e.g. Herzer & Grimm, 2012; Baltagi & Pesaran, 2007 , for second-generation unit root tests).
For these two tests, the null hypothesis is the unit root (process of the individual root). The variables are specified, including intercept and including intercept and trend. The results of the unit root test (see Table 2 ) show that the null hypothesis is not rejected for the level variables. On the other hand, the tests reject the null hypothesis for the first differentiated variables. Therefore, we can argue that each variable in Eq (1) is integrated of order one, that is, I (1). For the level data, we allow for both individual country effects and country-specific time trends. One lag was selected to adjust for autocorrelation. ***, ** and * denote a rejection of the null hypothesis of no cointegration at the 1%, 5%, 10% level respectively.
Cointegration Analysis
Then, to verify the long-term relationship between the variables, we perform four cointegration tests, namely Kao (1999), Pedroni (1999 Pedroni ( , 2004 , Westerlund (2005) and Fisher statistic of Maddala and Wu (1999) . These tests combine derived statistics for each panel country, leading to a test with a higher power. Regarding the non-cointegration zero test in heterogeneous panels, the Pedroni test recommends seven statistics grouped into two groups ("in-dimension" panel and "between-size" panel tests). The "internal dimension" (panel tests) is based on four test statistics, panel ADF statistics, panel PP statistics, panel v statistics, and panel ρ statistics. The "dimension between" (group tests) is based on three test statistics: ADF group statistic, PP statistic and ρ-statistical group. The application of the Pedroni test offers an additional advantage because the form in which the cross-sectional units and the time series data are grouped allows for greater flexibility in the presence of heterogeneity from one country to another for the cointegrated variables. In the spirit of Engel-Granger's two-step procedure, Kao (1999) defines an ADF test statistic implying homogeneity on panel units. On the other hand, Westerlund (2005) constructs a test statistic in the form of a ratio of variances (VR) in the background of Phillips and Ouliaris (1990) and Breitung (2002) . This test does not require modeling or serial correlation adaptation; The VR test also checks for the absence of cointegration by looking for the presence of a unit root in the residuals. Finally, the Fisher statistic of Maddala and Wu (1999) follows a χ2 distribution with 2 × N degrees of freedom.
With respect to the cointegration techniques performed (Pedroni, Fisher, Kao and Westerlund) under the null hypothesis of "non cointegration", remarkable results are shown in Table 3 . The panel tests "in the dimension" reject the null hypothesis of non-cointegration except for the ρ-statistical panel test. On the contrary, group tests "between dimensions" do not reject the null hypothesis. Looking at Kao's residual cointegration test, the null hypothesis is rejected; these results are corroborated by the results of the Westerlund VR cointegration test and Fisher's 2 statistic, which shows the existence of at least one cointegrating vector (Note 2). was determined by the Akaike criterion with a maximum of two lags. ***, ** and * denote a rejection of the null hypothesis of no cointegration at the 1%, 5%, 10% level respectively.
Panel DOLS Estimation
Since variables are primarily stationary and cointegrated differences, we focus on the long-run relationship ijef.ccsenet.org
International Journal of Economics and Finance Vol. 11, No. 6; between government consumption and income. It is well established that investment is considered one of the main determinants of economic growth; we join him in estimating the cointegrating relation of income to public consumption and investment. We use the Pedroni (2001b, a) estimator DOLS (dynamic least squares dynamics between groups of means between groups of means). The specific specification of the model is as follows:
With 1ij  and 2ij  are lead and delay difference coefficients that account for the potential serial correlation and endogeneity of the regressors. The advantage of the DOLS approach is that it offers unbiased estimates of co-integrated series, even in cases of evidence of endogeneity. For illustration, since public consumption can respond to income changes cyclically, a problem of potential endogeneity obviously arises. The group-based DOLS estimator, which is super coherent under cointegration and robust against any omitted variable, is computed as follows: In Table 4 , we summarize the results of the cointegration regression for ECCAS -full panel. We report results for two types of data: first, unadjusted data that imply cross-country independence; second, degraded data, which deals with shocks and common impacts. Unadjusted results suggest that the impact of public consumption on real output is negative, although not statistically significant. Meanwhile, in the case of degraded data, the public consumption coefficient is negative and statistically significant. This indicates that a one percentage point cut in public consumption would result in an increase in real output of 0.0123 percentage points. Conversely, the total investment coefficient is always positive and significant in both data treatments. Given that the ten countries in our panel adopted include six countries in the CEMAC zone, we perform a sensitivity analysis by re-estimating the DOLS regression in the equation (2) to determine if the observed negative income-government relationship is valid for this group. Table 4 shows that the effect of public consumption on real income across CEMAC remains systematically negative and significant. Specifically, findings from degraded data (and unadjusted data) indicate that a 1% increase in government consumption decreases real GDP by 0.0207 (and 0.0186) percentage points in the CEMAC long term. In addition, the total investment coefficient is positive but not significant for both data processing; this means that the positive effect observed throughout the panel is fed by non-CEMAC countries.
Final Remarks
This paper explore the effect of public consumption spending on real output of Central African economies over the period 1990-2016. Typically, we examine how output react to changes in fiscal policy in these economies. By using heterogeneous panel cointegration approaches, we investigate the long-run effect of public consumption on revenue in 10 ECCAS (CEMAC+4) countries. The results suggest that, keeping investment constant, reducing government consumption is a suitable approach for restraining long-term costs in these economies. Specially, we note expansionary effects of this policy when we deal with the cross-country dependence (demeaned data). This reveals that expansionary effect is also a long run phenomenon that is not limited only to the short run (e.g. Ilzetzki et al., 2013; Jha et al., 2014) . As region-specific findings, we note also that while a cut in government consumption will have an expansionary impact in CEMAC countries.
